. Multiple sequence alignment of the conserved domains in RNase II family proteins; RNase R, RNase II, Rrp44, Dis3l2, Dis3l1 and Dis3l2. The first row displays the secondary structures derived from the crystal structure of RNase R (PDB entry: 5XGU) determined in this study; α-helices are presented as wires and β-strands are presented as arrows. The last row indicates each domain region of RNase R; CSD1 in orange, CSD2 in yellow, RNB in blue, S1 in green and the tri-helix wedge region in pink. Residues in red letters are similar residues and residues shaded in red are conserved among the seven proteins in the alignment. Figure S3 . Duplex RNA with a 3ʹ overhang could not be unwound by RNase R D280N mutant in the presence of ATP. A 10-bairpair double-stranded RNA with a 10-nucleotide 3ʹ overhang (2.5 nM) was incubated with RNase R or D280N mutant (100 nM) in the presence or absence of ATP. The wild-type RNase R unwound and degraded dsRNA, however, RNase R D280N mutant could not unwind the duplex RNA in the presence of ATP. The RNA substrate was annealed by mixing a 5'-end 32 P-labeled 20-nucleotide RNA with a sequence of 5'-32 P-GUUGAGAGAGAGAGAGAGUUUG-3' with a 10-nucleotide RNA with a sequence of 5'-CUCUCUCAAC-3' at 95 o C for 5 minutes in a buffer of 20 mM HEPES (pH 7.4), 50 mM NaCl and 2 mM MgCl 2 , followed by gradual cooling to room temperature over 2 hours. The duplex RNAs were unwound by boiling the sample (see the marker lanes). Full-length RNase R or D280N mutant (100 nM) was incubated with the duplex RNA (2.5 nM) in a buffer containing 20 mM Tris-HCl (pH 7.5), 100 mM NaCl, 1 mM DTT and 0.25 mM MgCl 2 , with or without 5 mM ATP at 37˚C for 0-60 minutes. Reactions were stopped by adding 2 mg/ml Protease K and 25 mM EDTA at different time points as indicated in the figure. After the reaction, 6X DNA loading dye (30% (v/v) glycerol, 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF) was added and the samples were loaded on a 20 % TBE gel for gelelectrophoresis. Figure S4 . The CD spectra and thermal melting assays of the RNase R proteins.
C
(A) The CD spectra of RNase R, ∆HTH-K, ∆3H and 1H mutants were recorded by AVIV CD400 spectrometer at 25˚C and 37˚C. (B) Thermal melting temperatures for RNase R, ∆3H and 1H were determined by measuring the ellipticity at 222 nm as a function of temperature from 20 to 80˚C. The thermal melting points were 65.7˚C for RNase R, 68.0˚C for ∆3H, and 70.0˚C for 1H mutant. The protein concentration used in the CD measurements were 10 µM in a buffer of 50 mM Tris-HCl pH 7.5 and 500 mM NaCl. Measurements were taken three times and averaged.
